Introduction: The aim of this study was to determine the morphologic characteristics of mandibular first molars having 2 canals in distal roots. Interorifice distance, buccal bone thickness, and root curvature were evaluated using cone-beam computed tomography images in a Korean population. Methods: In total, 1958 mandibular first molars were evaluated in axial, coronal, sagittal, and paraxial planes. Distal roots having 2 canals were classified according to their root and canal shapes (2 roots, 2 canals [2R2C]; 1 root, 2 canals with 2 apical foramina [1R2C(2-2)]; and 1 root, 2 canals with 1 apical foramen [1R2C(2-1)]). The distances between orifices and the distance from the apex to the buccal bone plate were measured for each root canal shape (2R2C, 1R2C[2-2], and 1R2C[2-1]). The curvature of distolingual (DL) roots was classified according to severity using 3-dimensional reconstructed images, and the direction of curvature was determined. The relationships of these characteristics to sex and side were evaluated. Results: The prevalences of 2R2C, 1R2C(2-2), and 1R2C(2-1) were 25.89%, 10.32%, and 14.15%, respectively. The distances between distobuccal (DB) and DL orifices were 3.77 AE 0.74 mm for 2R2C, 3.02 AE 0.65 mm for 1R2C(2-2), and 2.44 AE 0.64 mm for 1R2C(2-1). The distances from the buccal plate to the DB canal were 3.84 AE 1.35 mm for 2R2C, 5.33 AE 1.41 mm for 1R2C(2-2), and 5.96 AE 1.63 mm for 1R2C(2-1). The distance from the buccal plate to the DL canal was 9.85 AE 1.46 mm for 2R2C, and 8.28 AE 1.50 mm for 1R2C(2-2). All distances differed significantly according to root canal configurations, and all were greater in men than women (P < .05), except for the DB-DL orifice distance in 1R2C(2-2) and the DB to buccal cortical plate distance in all root
P
rior knowledge of anatomic variations in root canal systems is essential for improving the success rate of root canal treatment. Mandibular first molars are known to typically have 2 roots located mesiodistally and 3 root canals (1) (2) (3) . However, an extra distolingual (DL) root or a DL canal has been found in mandibular first molars in several populations, and their prevalence varies significantly by race (4) (5) (6) (7) (8) (9) (10) . Higher prevalences of extra DL roots have been reported in American Indian, Chinese, and Eskimo (5.8-32%) populations (9, 10) than in white populations (0.7-4.2%) (7, 8) . Other research found a higher prevalence of an extra DL canal in Korean and Chinese (40.5-51.4%) (11, 12) than in white populations (8.1%) (13) . Although some studies have evaluated the prevalence of DL roots or DL canals (2, 3, 14) , few have provided biometric measurements and morphologic characteristics related to root curvature. Prediction of canal location at the orifice level could provide guidance for locating canal orifices during nonsurgical root canal treatment. Knowledge of root proximity to the buccal bone is helpful for locating apices during surgical endodontic treatment. The curvature of the DL root also can be a challenge for clinicians, especially when they curve toward the buccal side, as this cannot be seen in 2-dimensional (2D) periapical radiographs. However, little information is available regarding morphologic characteristics, such as the length and direction of DL root curvature beyond the prevalence of DL roots or canals (14) . Numerous studies have suggested the usefulness of cone-beam computed tomography (CBCT) analyses for determining root canal anatomy. The advantages of using CBCT in studying root canal morphology are the 3D images and a reasonable radiation dose (2, 15) . The prevalence and morphologic diversity of DL roots appeared to be underestimated in previous studies using extracted teeth because of the possibility of root fracture during extraction (14, 16) . The aim of this study was to determine the morphologic characteristics of mandibular first molars with 2 canals in distal roots. Interorifice distance, buccal bone thickness, and root curvature were evaluated using CBCT images in a Korean population.
Materials and Methods

Subjects
This study was approved by the Ethics Committee of the Ewha Womans University Hospital. CBCT images of mandibular first molars taken between January 2011 and October 2012 were evaluated. The criteria for CBCT included insufficient information from intraoral and panoramic radiographs and the need for more radiographic details for adequate diagnosis and treatment planning. Most CBCT images were taken for implant surgery, extraction of impacted teeth, or orthodontic treatment. This retrospective analysis of CBCT images required no additional radiation exposure for patients, so the principle of radiation dosage as low as reasonably achievable (ALARA) was followed. CBCT images of 979 subjects who met the following inclusion criteria were evaluated:
1. Ethnic Korean patients aged between 13 and 75 years 2. Scans containing the fully erupted mandibular first permanent molars bilaterally Figure 1 . Three-dimensionally reconstructed images of 4 types of root curvature (distal and lingual views). Type I, straight root; type II, curvature in the coronal third and straight continuation to the apex; type III, initial curve in the coronal third of the root canal and a second curve starting from the middle third; type IV, small, with length less than half the length of the distobuccal root. 
Radiographic Evaluation
CBCT images were taken with a Dinnova system (Willmed, Gwangmyeong, Korea). Operating parameters were 9.0 mA, 80 kVp, 10 Â 10-cm field of view, and 0.167-mm 3 voxel size. CBCT images were reconstructed using OnDemand3D software (Cybermed, Seoul, Korea) according to the operating parameters, and evaluations were made with a voxel size of 0.167 mm. Serial axial, coronal, sagittal, paraxial, and 3D reconstructed images were examined by 2 endodontists. Also, 60 CBCT images were examined twice at an interval of 1 week, and the kappa values were analyzed to assess intra-and interobserver reliability. The kappa values were 0.83 (intraobserver) and 0.71 (interobserver reliability). After intra-and interobserver calibration, the study subjects were examined independently, and any disagreement was resolved by discussion between the 2 examiners.
In total, 1958 mandibular first molars were evaluated in axial, coronal, sagittal, and paraxial planes. The prevalence of 2 canals in the distal roots was 50.36%. The distal roots having 2 canals were classified according to their root number and canal shape (2 roots, 2 canals The severity and direction of DL root curvature were determined on 3D reconstructed images (Fig. 1) . The severity of root curvature was classified based on modified De Moor's methods (6, 16) . The 3 types of root curvature previously reported by De Moor et al (6) and 2 other variations were used: type I, straight root/root canal; type II, curvature in the coronal third and straight continuation to the apex; type III, initial curve in the coronal third of the root canal and a second curve starting from the middle third; and type IV, small, with length less than half the length of the distobuccal root (Fig. 1) . The direction of root curvature was determined by rotating 3D reconstructed images. Curvatures detected in mesiodistal directions were classified as buccal or lingual, and those detected in buccolingual directions were classified as mesial or distal. Curvatures detected in both directions were classified as both side curvatures. Relationships of these data with root canal shape, sex, and side were calculated using 1-way ANOVA and t tests. Statistical analyses were performed using SPSS software (version 21.0; SPSS, Chicago, IL, USA). Differences were considered significant if the P < .05.
Results
Distances between Orifices of DB-DL Canals, MB-ML Canals, and ML-DL Canals
The prevalences of 2R2C, 1R2C(2-2), and 1R2C(2-1) were 25.89%, 10.32%, and 14.15%, respectively ( Table 1 ). The distances between DB and DL orifices were 3.77 AE 0.74 mm for 2R2C, 3.02 AE 0.65 mm for 1R2C(2-2), and 2.44 AE 0.64 mm for 1R2C(2-1). The distances between ML and DL orifices were 3.47 AE 0.63 mm for 2R2C, 4.11 AE 0.65 mm for 1R2C(2-2), and 3.76 AE 0.69 mm for 1R2C(2-1). The distances between MB and ML orifices were 3.22 AE 0.53 mm for 2R2C, 3.39 AE 0.53 mm for 1R2C(2-2), and 3.24 AE 0.60 mm for 1R2C(2-1) ( Table 2 ). These distances differed significantly by root canal shape (P < .05), except for MB-ML orifice distances between 2R2C and 1R2C(2-1). The distances between DB-DL and MB-ML orifices were significantly greater in male than in female patients (P < .05), except for the DB-DL distance in 1R2C(2-2) (P > .05). No differences in distance were found between left and right sides (P > .05).
Distance between the Root Apex and the Buccal Cortical Plate
The distances from the buccal plate to the DB canal were 3.84 AE 1.35 mm for 2R2C, 5.33 AE 1.41 mm for 1R2C(2-2), and 5.96 AE 1.63 mm for 1R2C(2-1). The distances from the buccal plate to the DL canal were 9.85 AE 1.46 mm for 2R2C and 8.28 AE 1.50 mm for 1R2C(2-2) ( Table 3 ). All distances differed significantly among different root canal configurations (P < .05). The distance to the DL canal was significantly greater in male than in female patients; however, the distance to the DB canal was not significantly different between male and female patients (P < .05). No significant difference was found between right and left sides (P > .05).
Morphological Classification: The Severity and the Direction of DL Root Curvature
The prevalence of the most severely curved DL roots (type III) was 62.92%, and the direction was commonly toward the buccal side (69.03%; Table 4 ). The prevalence of curvature directed toward the MD side was 15.58 %, and that toward both sides was 15.38%.
Discussion
The present study provides detailed information on the morphologic characteristics of distal roots having 2 canals based on 3D reconstructed CBCT images of mandibular first molars in a Korean population. The prevalence of 2 canals in distal roots of mandibular first molars was more than 50% in this study, which is higher than reported in white populations (8.1%) (1) and similar to previously reported results in Asian populations, such as Korean and Chinese (40.5-51.4%) (2, 11, 17) . Regarding distances between the DB and DL orifices, molars having separated DL roots (2R2C) showed the greatest distance, followed by 1R2C(2-2) and 1R2C(2-1) ( Table 2 ). These results are consistent with the findings of a previous study, which reported a relationship between closer canal orifices and the confluence into a common apical foramen (18) . Increased interorifice distance appears to be associated with a high prevalence of 2 separate foramina. Knowledge of these relationships can help clinicians to predict the canal configuration when locating orifices. Interorifice distances between ML-DL canals and MB-ML canals can also provide guidance when searching for canals. The distances between DB-DL orifices (except for 1R2C(2-2)) and ML-DL orifices were significantly greater in male than female patients. The results of this study appear to confirm previous findings that male individuals have a larger skeleton and larger teeth than do female individuals (19, 20) . These results suggest that clinicians should prepare access cavities that are buccolingually and mesiodistally wider when searching for the DL canal in male than in female patients.
Considering the distance between the root apex and the buccal cortical plate, significantly different results have been reported between different root canal configurations. With regard to the distance from the DL canal to the buccal cortical plate, 2R2C showed longer distances than did 1R2C(2-2). In contrast, the distance from the DB canal to the buccal cortical plate was greater in 1R2C(2-1), followed by 1R2C(2-2), and 2R2C (Table 3) . This information could be helpful for clinicians in predicting the level of surgical difficulty. During a buccal approach for apical surgery, access to the DL canal is more difficult in 2R2C than in 1R2C(2-2). In contrast, access to the DB canal is relatively easier in 2R2C than in 1R2C. In 1R2C, canals with a separate apical foramen (2-2) could provide easier access to the DB canal than canals merged into a common apical foramen (2-1). The distances from the DL canal to the buccal plate were significantly greater in male than in female patients. This information is important for preoperative treatment planning and the prediction of surgical prognosis (3, 21) . Type I, straight root; type II, curvature in the coronal third and straight continuation to the apex; type III, initial curve in the coronal third of the root canal and a second curve starting from the middle third; type IV, small, with length less than half the length of the distobuccal root.
Regarding the morphologic classification of extra DL roots, type III, the most severely curved root, was found to be dominant in this study. Our finding is consistent with the results of previous studies that reported a high prevalence of type III in DL roots (28.6%-61.1%) (6, 14, 16) . Differences in prevalence among studies might be due to small sample sizes in earlier studies that used extracted teeth. In vivo CBCT analysis, as used in our study, appears to provide more precise results; furthermore, we examined more samples than previous studies using extracted teeth (6-21 teeth were collected) (5, 6) . The prevalence of type IV (root length shorter than half that of the DB root) was in accordance with the findings of earlier studies (16) . The direction of curvature was mainly in the buccolingual orientation. As buccal and lingual curvatures are easy to overlook in a periapical view, special attention is required not to miss these curvatures. In addition, mesiodistal curvature that can be detected readily in a periapical view also should be managed carefully. Clinicians should be aware of the characteristics of these curvatures to minimize the risk of shaping aberrations, such as root canal ledges and transportations (4, 6) .
Conclusions
The prevalence of mandibular first molars having 2 canals in distal roots was 50.36% in a Korean population. The interorifice distances between DB and DL canals and the distance from the apex to the buccal cortical plate differed according to root and canal numbers and shapes. The direction of DL root curvature was mainly toward the buccal side, which cannot be detected readily in periapical radiographs. Prior knowledge of the prevalence and the morphologic characteristics of these anatomic variations is beneficial for preoperative treatment planning and the prevention of possible complications.
